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CONSTRUCTI ON' SAFETY ORDERS ( DOSH)

CALIFORNIA DIVISION OF OCCUPATIONAL SAFETY AND HEALTH (DOSH)

Cal /OSHA reports that nmore construction deaths occur in trenches
than in any other form of construction work. This is not the whole
story since a nunmber of trench and excavation failures go
unreported. It is evident fromthis that nore attention needs to
be paid to the planning, construction, nonitoring, and supervisory
aspects of excavations and trenching.

The California Cccupational Safety and Health Program (Cal/OSHA),
effective Septenber 25, 1991, adopted the Federal OSHA safety
regul ations pertaining to protection of worknmen in excavations.
The information in this chapter and in Appendix A of this manual is
current as of February, 1992. It will be the responsibility of the
reader to determ ne up-to-date applicable requirenents.

This chapter contains outlines of major portions of the adopted
Safety Oders that pertain to safety in conjunction wth
excavations. Mjor considerations, or requirenments of the Safety
Oders, in nunerical order of the Sections, are briefly outlined on
the follow ng pages. Following the brief outlining is a condensed
outline of nost of the Safety Orders pertaining to the subject of
excavations. The text of nost Cal/OSHA excavation requirenments may
be found in Appendix A of this manual. Aggendlx A text includes
Construction Safety Oder Sections 1504, 1539, 1540, 1541, 1541.1

(including appendices A - F), and Sections 1542-1547.

Excavations 20' Deep Or Less: Sections 1504 and Sections 1539
t hrough 1547 of the Construction Safety Orders contain the
excavation and shoring requirenents of the California Division of

Cccupational Safety and Health. The Safety Orders provide for a
variety of excavation plans for workman protection in excavations.

For excavations |ess than 20 feet in depth the Contractor nay use
sl oping or benching of the soil, tables for tinber or alum num
hydraulic shoring, shields, or the shoring may be designed by a
California registered professional engineer

Excavations Over 20' Deep - Deviations: A California registered
prof essional engineer's design will be required for excavations
greater than 20 feet in depth, when deviations fromthe slopin

criteria are to be used, when there will be deviations not covere

in the Safety Orders fromthe tinber or alum num hydraulic shoring
tabl es, when shields are, to be used in a manner not recomended or
approved by the manufacturer, when surcharges nust be accounted
for or when alternate designs are to be used. The designing
engi neer nmay base his design-on manufacturer's information, on a
variety of tables of charts, use of proprietary systens, on soils
information furnished by a conpetent person, and in accordance wth
regi stered professional engineering practice.
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Maintain Design Plan At The Jobsite: The Safety Orders provide

that at |east one copy of the tabulated data, manufacturer's data
or engineer's design is to be maintained at the jobsite during

construction of the protective system The Safety Orders specify

that the identity of the registered professional engineer approving
tabul ated or manufacturer's data be included in the information

mai ntained at the jobsite. The registered professional engineer

approving the data refers to the engineer responsible for the

design of the protective system

Reqgi stered Professional Engineer: For work in California the
design regqgistered professional engineer nust be registered in

California pursuant to Section 137.6 of the Statutes relating to
the California Departnment of Transportation.

Conpetent Person: The Safety Orders in Section 1504 of Article 2
defines a conpetent person as, "One who is capable of identifying
exi sting and predictable hazards in the surroundi ngs or working
condi tions which are unsanitary, hazardous, or dangerous to
enpl oyees, and who has authorization to take pronpt corrective
measures to elimnate them"

Surcharges: The Safety Order Figures and Tables provide for a
m ni num surcharge equivalent to an additional soil height of 2
feet. The m ninum surcharge may be considered to represent a 2
feet high soil enmbankment, small equipment, material storage, or
other small |oadings adjacent to the excavation. No provision
made for nearby traffic, adjacent structure |oadings, or for
dynam ¢ | oadi ngs.

S

Shoring Plan Submttal: The Contractor nmay submt a shoring plan
using Cal/OSHA sloping figures, or tabular data, in the formof a
letter stating which portions of the Safety Orders are to apPIy to
the plan. The letter should Iist |ocation of the work, the limts
of the work, the times the work is to start and be in progress,

sequence, the applicable Cal/OSHA figures or tables, any other
information which will pertain to the progress or conplexity of the
work, who wll be in charge of the work, and who will be the
desi gnated conpetent person responsible for safety. If the
Contractor elects to use the shoring details in the Safety O ders
it is not necessary to have the shoring plan prepared by a
prof essional engineer; and the review ng engineer does not have to
do a structural analysis. However, the review ng engineer nust
ascertain that the Contractor does the work in accordance with the
Safety Orders and that the site conditions are such that the
shoring plan is appropriate for the soil conditions encountered.
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CONSTRUCTI ON' SAFETY ORDERS ( DOSH)
SOME IMPORTANT DEFINITIONS

A lot of information about the requirements in the Safety Oders
can be condensed by describing or C|t|n% primary sections. A few
i nportant definitions are included here, but the reader is directed
to a nore conplete text of the Construction Safety Orders included
in Appendix A of this manual

From Section 1504, "Excavation, Trenches, Earthwork," of Article 2:

Geotechnical _ Specialist (GIS): "A person registered by the State
as a Certified Engineering Geologist, or a Registered G vil
Engi neer trained in soil nmechanics, or an eng|neer|n? geol ogi st or
civil engineer with a mnimm of 3 years applicable experience
wor ki ng under the direct supervision of either a Certified
Engi neering Ceol ogist or Registered Civil Engineer".

From Section 1540, "Excavations," of Article 6

Accepted Engineering Practices: Those requirenents which are
conpatible wth standards of practice required by a registered
prof essional engi neer.

Excavation: All excavations made in the earth's surface. Any man-
made cut, cavity, trench, or depression in an earth surface, formned
by earth renoval. Excavations are defined to include trenches.

Protective System A nethod of protecting enployees from cave-ins,
frommterial that could fall or roll from an excavation face or

into an excavation, or from collapse of adjacent structures.
Protective systems include support systens, sloping and benching
systens, shield systens, and other systens that provide the
necessary protection.

. A person who is registered as a
prof essi onal engineer in the state where the work is to be
performed. However, a professional engineer, registered in any
state is deemed to be a "registered professional engineer" within
the nmeaning of this standard when aPproving designs for
"manuf actured protective systens" or "tabulated data" to be used in
interstate commerce. (The interstate commerce provision affords
relief for utilities when crossing State boundaries).

Shield (Shield System: A structure that is able to withstand the
forces 1nposed on it bé a cave-in and thereby protect enployees
mn%hhnwthe structure. Shields may be either pre-manufactured or
job-built.

Shield (Shield System A structure such as a netal hydraulic,
mechani cal, or tinber shoring systemthat supports the side of an
excavation and which is designed to prevent cave-ins.
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Sl opin Sl oping System: A nmethod of protecting worknen from
cave-ins by sloping the sides of the excavation away fromthe
excavation. The slope angle varies with the soil type, surcharges,
and weat her.

Tabul ated Data; Tables and charts approved by 6 registered
prof essional engineer and used to design and construct a protective
system

Trench: A narrow excavation (in relation to its |length) nmade bel ow
the surface of the ground. In general, the depth is greater than
the width, but the wdth of a trench (measured at the bottom is
not greater than 15 feet. If forns or other structures are
installed or constructed in an excavation so as to reduce the
di nensi on neasured fromthe forns or structure to the side of the
excavation to 15 feet or less, (neasured at the bottom of the
excavation), the excavation is also considered to be a trench.

SOME | MPORTANT _REQUI REMENTS

A few inportant considerations from the General Requirenents
section of the Construction Safety Orders are listed here for easy
reference. A conplete text of Section 1541 referred to below is
i ncluded at Appendi x A of this nanual.

From Section 1541, "General Requirenents," of Article 6:

Underground utilities nust be |located prior to excavation. The
Contractor should notify Underground Alert or other appropriate
Regional Notification Centers a mninmm of 2 working days prior to
start of work. Excavation in the vicinity of underground utilities
nmust be undertaken in a careful manner while supporting and
protecting the utilities.

Egress provisions which may include |adders, ranps, stairways, or
other means shall be provided for excavations over 4 feet in depth
so that no nore than 25 feet of lateral travel wll be needed to
exit trench excavations.

Adequate protection from hazardous atnospheres nust be provided.

Enpl oyees shall be protected from the hazards of accunul ating
water, from loose or falling debris, or frompotentially unstable
adj acent structures.

Dai |y inspections, inspections after rain storns and as otherw se
required for hazardous conditions, are to be made by a conpetent
person. Inspections nust be conducted prior to the start of work
and as needed throughout the shift. The conpetent person wll need
to check for potential cave-ins, indications of failure of the
protective system and for hazardous atnospheres. Wen the
conpetent person finds a hazardous situation he shall have the
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endangered enpl oyees renoved from the area until the necessary.
precautions have been nade to insure their safety.

Adequat e barrier physical protection is to be provided at al
renmotely located excavations. Al wells, pits, shafts, etc., shal
be barricaded or covered. Upon conpletion of exploration and other
simlar operations, tenporary shafts etc., shall be backfilled.

PROTECTIVE SYSTEM SELECTION
From Section 1541.1, "Requirements For Protective Systens"

Section 1541.1 of Article 6 of the Safety Orders covers al nost all
of the requirenents that nust be considered in selecting or
reviemmng a particular type of shoring system The text of this
section contains general infornmation and considerations about the
various selections which may be made for shoring systens. This
section describes the various shoring systems which can be used
with and without the services of a registered professional
engi neer. Additional information about the various shoring systens
may be found in Appendix A through Appendix F of Section 1541.1
(See Appendix A of this nanual).

The Contractor will use this portion of the Safety Orders to select
a particular type of shoring system best suited to fit the soi
conditions and the jobsite situation. The services of a registered
prof essi onal engineer will not be required for a number of the
shoring options available to the Contractor

An overview of the mmjor portions of Section 1541.1 is outlined
bel ow. The conplete text of Construction Safety Order Section
1541.1 is included in Appendix A of this manual

The design of a Protective system for worknmen in an excavation
may be selected from one of the possible options |isted bel ow

Stabl e rock - No shoring needed.
Excavation less than 5 feet deep - No shoring needed.
Sl opi ng or benching:

e Slope 1 1/2 : 1 as for Type C soil.
Steeper slopes may be used for short term (1 day).
. SIoPe using Table B-I or Figure B-I of Appendix B.
Sl opes dependent on soil type - see Appendix A
e Per tables or charts identified by a California
regi stered professional engineer. _
o Design by a California registered professional
engi neer.

2-5 Revi sed 2/92




CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

Desi gn of support systens, shield, or other systens:

e Design in accordance with Appendix A, or C- F
Appendi x A - Soil classification
Appendi x C - Tinber shoring tables.
Appendi x D - ;ydraullp shoring tables.
Appendi x E - ternatives to tinber shoring.
Appendix F - Flow chart guides to system selection.

o Design using Manufacturer's data (shields for exanple)
Data includes specifications, |imtations, and/or
ot her tabul ated data (Tables or Charts).

o Design using other tabulated data (Tables or Charts),
Identified by a California registered professional
engi neer approving the data. [Approving engineer
inmplies the California professional engineer
designing or submtting the shoring plan.]

o Design by_a regi stered professional engineer.
Identified by a California registered professiona
engi neer aﬁprOV|ng the plan. [Approving engineer
inplies the California professional engineer
designing or submtting the shoring plan.]

Shoring system designs (including manufacturer's data) other than
those selected directly fromtables in Appendix A- Fwll need to
be posted at the jobsite during construction of the protective
system

Damaged materials or equipnent will need to be reevaluated for use
by a conpetent person or by a registered professional engineer
bef ore being put back into use.

I ndi vi dual menbers of support systems may not be subjected to |oads
exceedi ng those which they were designed to w thstand.

Excavation of naterial to a level no greater than 2 feet below the
bottom of the nenbers of a s%fport system shall be permtted, but
only if the s%sten1is designed to resist the forces calculated for
the full depth of the excavation, and no |loss of soil is possible.

Shields systens are not be subjected to | oads exceeding those which
the system was designed to withstand.
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SOIL CLASSIFICATION

APPENDI X A TO SECTI ON 1541.1

Appendi x A to Section 1541.1 of Article 6 (See Appendix A of this
manual ) contains the soil classification infornmation which may be
used for the proper selection of a shoring system This Section
describes when this soils classification infornmation may be used,
defines soil, defines the soil types (A, B, or C, covers the basis
of soil classification, who can classif¥ soil and how it may be
done with visual or manual tests, and field testing nethods to
determne soil type

A conpetent person, or a testing |ab, nmay make determ nations by at
| east one visual and at |east one manual test to classify rock or
soil for the proper selection of, or for the design of, a shoring
system Cassification of the soil is necessary to determne the
effective active soil pressures that the shoring system nay be
subjected to. The tables for the selection of sloping, tinber
shoring, or alum num hydraulic shoring, are based on one of three
types of soil (A B, or Q.

The three soil types in the Safety Orders are described bel ow

Type A Cohesive soil with unconfined conpressive strength of 1.5
tsf or greater.

Exanples of this soi] type are: clay, silty clay, sandy
clay, clay loam silty clay |oam sandy clay |oam

cemented soils like caliche or hardpan.

No soil-is T¥pe Aif:
The soil is fissured.
Vibratory or dynamc loads will be present.
The soil has been previously disturbed.
Sloped (4 : 1 or greater{ | ayers dip into the
excavati on.
e Oher factors preclude Type A classification.

Type B: Cohesive soil with unconfined conpressive strength
greater than 0.5 tsf but less than 1.5 tsf or:

G anul ar cohesionless soils including: angular
gravel, silt, silty loam sandy |oam or nmaybe
silty clay loam and sandy clay loam or:

Previously disturbed soils not classified as Type C or:

Soil that neets the requirenents of type A but is
fissured or subject to vibration, or:
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Dry rock that is not stable, ar:

Type B soil that has sloped (4 : 1 or less.) layers that
dip towards the excavation.

Type C Cohesive soil wth unconfined conpressive strength of
0.5 tsf or less oQr:

G anular soil including gravel, sand, and |oany sand, or:

Submerged soil, or fromwhich water is freely seeping, ar

Subnerged rock that is not stable, or:

Material sloped towards the excavation 4 : | or steeper
in a |layered system

Tables in the Safety Orders for tinber or for alum num hydraulic

shoring consider the effective lateral pressures for a depth H due
to the three different soil type's as follows:

Type A Pa= 25H + 72psf (2 Ft. Surcharge
Type B: P,= 45H + 72psf (2 Ft. Surcharge
Type C  P,= 80H + 72psf (2 Ft. Surcharge

Manual testing of soils includes tests for plasticity, tests for
dry strength, thunb penetration, and the use of a pocket
penetronmeter or hand operated shearvane. Sanples of soil can be
dried to determne relative cohesive content. A few of these tests
may be used to determne conpressive strength, the other tests may
be used to determne relative cohesive properties of the soil. The
test procedures are outlined in the conplete text of Appendix A to
Section 1541.1 (See Appendix A of this manual). Note that

expansive clays are not nentioned and may need speci al
consi derati on.

SLOPI NG OR BENCHI NG SYSTENS

APPENDI X B TO SECTI ON 1541.1

Appendi x B of Section 1541.1 of Article 6 (See Appendix A of this
manual ) contains all of the sloping or benching 0ﬁt|ons in picture
form for excavations less than 20 feet in depth allowed by the

Safety Orders. Alternate configurations may be designed by a
regi stered professional engineer.

Sl opes may be laid back in conformance with the figures in Appendi x

B to-Section 1541.1 providing there is no sign of distress and
surcharge loads will not be a factor. Signs of distress include:
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caving-in-of the soil, development of fissures, subsidence, bulging
or heaving at the bottom of the excavation, or spalling or raveling
at the face of the excavation

Wien there is a si?n of distress the slope is to be [aid back at
IFaSt [/2 horizontal to 1 vertical |ess than the maxi num al | owabl e.
sl ope.

Al | owabl e sl opes shall be reduced as determ ned by a conpetent
person when surcharge |oads, other than from structures, wll be
present.

When surcharge |oads from structures are present underpinning or
bracing will be required, or the structure nust be on stable rock,
or a registered professional engineer nust determne that the
excavation work will not pose a hazard to enployees.

Table B-1 of pendix B to Section 1541.1 lists the follow ng
maxi mum sl opes for the various soil types:

Stable Rock: Vertical
Type A: 3/4 : 1
Type B: 1:1
Type C: 11/2 : 1
Excepti ons:
Type A soil: 1/2 : 1 Slope permtted for up to 12

feet in depth for short term
duration ( 24 hours or |ess).

Excavations over 20 feet in depth shall be designed by a
regi stered professional engineer

Type A Soil Slopping and/or Benching Options:*

3/4 : 1 slopes.

/2 : 1 slopes (Short termand 12 feet or |ess).

3/4 :© 1 slope with 4 foot high single bench at bottom

3/4 : 1 slope replaced with 4' high aid 5 high benches.

3/4 : 1 slope above 3 1/2 foot high bench (8, max. depth).
1 : 1 slope above 3 I/2 foot high bench (12, max. depth).

3/4 : 1 slope above supported or shielded system

A single or lower bench may be in front of the slope |ine, but
all higher benches nust be behind the slope |ine.

* See diagrams of Appendix B to Section 1541.1 in Appendix A
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T B i | opin n r__Benchi nag Acti

1 1 sl opes. _

1 : 1 slopes above 4' high single bench. _ _

1 : 1 slopes replaced with 4 high benches (Cohesive soil).
1 : 1 slopes above supported or shielded system

A single or lower bench may be in front of the slope |ine, but
all higher benches nust be behind the slope |ine.

* See diagrams of Appendix B to Section 1541.1 in Appendix A

T il Slopin n r _Benchin tions:*

11/2: 1 slopes. _
11/2 : 1 slopes above supported or shielded system

* See diagrans of Appendix B to Section 1541.1 in Appendix A

Type B over Type A: Slope Type B1: 1 and Tyge A3l4: 1.
Type C over Type A: Slope Type C1 [/2:1 and Type A 3/4 : 1.
Type C over Type B: Slope Type C11/2 : 1 and Type B 1 : 1.
Type A over Type B: Slope both 1 : 1.

Type A over Type C. Slope both 1 1/2 : 1.

Type B over Type C. Slope both 1 1/2 : 1.

* See diagrans of Appendix B to Section 1541.1 in Appendix A
TI MBER SHORI NG FOR TRENCHES

APPENDI X C TO SECTION 1541, 1

Appendi x C to Section 1541.1 (See Appendi x A of this nmanual)
contains information and tables that the Contractor may utilize to
shore trenches less than 20 feet deep with rough or finish tinbers
in any of the three types of 50|I ables C-1.1 through CG1.3 ma
be used for mninum rough (actual) size tinmbers having a mninum
of 850 psi, and Tables G 2.1 through G 2.3 are for finished (S4S)
tinmbers haV|ng a mninmumf, of 1500 psi. There is one table for
each soil type for each of the tinber grad|ng Si zes,
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Summaries of notes which are neant to acconpany the tables are
l'isted bel ow

When conditions are saturated use tight sheeting (tight
sheeting refers to 3 " rough tongue and groove tinbers, steel
sheet piling or simlar to resist inposed |lateral |oads
i ncluding water). Cose spacin? refers to placing planks

si de-by-side as close as possible.

Al spacings indicated are center to center.
Wales are to be installed with greatest dinension horizontal.

If the vertical distance fromthe center of the |owest
crossbrace to the bottomof the trench is to exceed 2.5 feet

uprights are to be firmy inbedded, or a nmudsill is to be
used.h A nmudsill is a waler placed at the bottom of the
trench.

Maxi num di stance from | ower brace to bottom of trench:
36 inches for inbedded sheeting.
42 inches when nudsills are used.

Trench jacks may be used in place of, or in conbination with
tinmber struts.

Upper Crossbrace (strut) vertical spacin? from top of
egcavatlon Is not to exceed one-half tabulated vertical
crossbrace spacing.

When any of the follow ng conditions will exist the tables will not
be adequat e:

Wien | oads inposed by structures of stored materials adjacent
to the trench will exceed the |load froma 2 foot surcharge.
Adj acent nmeans within a horizontal distance equal to the depth
of the trench

Wen vertical |oads on the center of crossbraces exceed 200
pounds.

When surcharge |oads from equi pnment weighing over 20,000
pounds are present.

When only the |ower portion of a trench is shored and the
remai ning portion is slopped or benched unless:

The sloping portion is sloped |ess than 3 : 1, or
The shoring 1s selected for full depth excavation.

Appendi x C to Section 1541.1 (See pendi x A of this manual)
contains Tables C-1.1 through CG-1.3, Tables G 2.1 through C 2.3,

ang|4 exanpl e problens denonstrating selection of shoring fromthe
tabl es.
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ALUM NUM__HYDRAULI C SHORI NG FOR TRENCHES

APPENDI X D TO SECTION 1541.1

Appendix D to Section 1541.1 (See Appendix A of this manual)
contains, typical installation diagrans, tables, and information for
the use of alum num hydraulic shoring in trenches |ess than 20 feet
deep. Tables D-1.1 and D-1.2 are for vertical shores in Type A and
B soils. Tables D-1.3 and D-1.4 are for horizontal waler systens
in Type B and Type C soils. Type B soils may require sheeting,
whereas Type C soils always require sheeting.

The tables consider two cylinder sizes with mninum safe working
capacities as follows: 2 ‘inch inside dianeter with 18,000 pounds
axi al conpressive |oad at maxi num extension, or 3 inch inside
dianmeter with 30,000 axial conpressive |load at extensions as
reconmended by the product manufacturer.

Wien any of the following conditions exist the tabular data wll
not be valid:

Wien vertical |oads exceeding 100 pounds will be inposed on
the center of hydraulic cylinders.

When surcharge | oads are present from equi pment weighing in
excess of 20,000 pounds.

Wien only the |ower portion of the trench is shored and the
uEper portion is sloped or benched steeper than 3 : 1, unless
the shoring is selected for a trench full depth from the upper
hinge point to the bottom of the trench.

Foot notes for the al um num hydraulic shoring will be found in
Section (g) of Appendix D to Section 1541.1 inmediately preceding
the Figures (See Appendix A of this manual).

M ni num t hi ckness plywood of 1 |1/8" (or 3/4" thick 14 ply Finply)
may be used in conjunction W th alum num hydraulic shoring to
prevent raveling, but may not be used as structural menbers.

Al ternate designs and designs for excavations over 20 feet deep may
be submtted by a California registered professional engineer.
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SH ELD SYSTEMS

APPENDI X E TO SECTION 1041, 1

Appendi x E to Section 1541.1 (See Appendix A of this manual)
contains a few diagrans of manufactured trench shields.

The reviewi ng engineer should be aware that manufacturers wll
normal |y furnish engineering data to a supplier, who in turn wll
furnish the data to the Contractor. A Contractor may submt a
sal es brochure as a shoring plan for approval. A brochure is not
a plan; it generally will represent the manufacturer's data (the
strength or capacity of the product). A shoring plan for

specific use of the shield nust be prepared. The engineer can
determne forces, including surcharges, that are to be resisted,
and then make conparisons wth manufacturer's data, or with the

subm tting engineer's conputations which define the capacity of the
shoring system

A nunber of the trench shoring and shield nmanufacturers/suppliers
belong to the TRENCH AND SHI ELDI NG ASSCCI ATI ON. The Associ ation
has published a nanual covering product use and safety with respect
to trench and shoring work. Menber |isting and other information
may be obtained from:

TRENCH SHORI NG AND SH ELDI NG ASSOCI ATI ON
25 North Broadwa

Tarrytown, N Y. 10591 Phone (914) 332-0040

Sone nenbers of the Trench Shoring and Shielding Association are
listed bel ow

Al RSHORE | NTERNATI ONAL CORPORATI ON, 16211-84 Avenue, Surrey,
B. C. Canada V3S 2P3.

ALLI ED (TREN- SHORE), 5800 Harper Road, Solon, OH 44139. Phone
(216) 248-2600. O fices in Escondido, Pittsburgh, and L.A

EFFI G ENCY PRCODUCTION, INC., P.O Box 24126, Lansing, M. 48909

GRI SWOLD MACHI NE & ENG NEERING INC. (GVE) H ghway M 60, Union
Gty, M, 49094, Phone |-800-248-2054.

SAFE- T- SHORE, 3102 S. Roosevelt, Tenpe AZ. 85282.

SPEED SHORE CORPORATI ON P.O Box 262591, Houston TX 77207.
Phone (713) 943-0750.

PLANK PLATES, 8979 Elk Gove-Florin Road, Elk G ove, CA 95624.
Phone (916) 686-5151 or (916) 486-1307.

TRENCH PLATE RENTAL CO Phone: Sacranento |-800-548-0688,
Northern CA |-800-321-5500, Southern CA |-800-8231-4478.
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MANUFACTURED PRODUCTS

Manuf actured trench shoring and worker protection products include
screw jacks, hydraulic shores, screw or hydraulic operated franes,
wor k shi el ds and ot her devices used to shore a trench and/ or
protect workmen.

If the Contractor's shoring or worker protection plan includes a
manuf act ured product, the Engi neer should not hesitate torequest
from the Contractor the manufacturer's recommendations if they are
needed to verify the safe |oad capacity of the product.

The maxi mum | oadi ng which may be applied to a manufactured product
shal | not exceed the capacities as given by the manufacturer. These
are usually shown in a catalog or brochure published by the
manuf acturer, or in the formof a letter from the manufacturer

pertaining to the use of his product for specific job conditions.

This statement may be shown on a working drawing or included in a
letter. To be acceptable it nust be signed by the nanufacturer;

not the Contractor. \Wen professional engineering dat a acconpany
manuf actured products that data may be used with m ninmum
suppl emental review.

Be aware that some manufacturers catal ogs do not always present
enough engineering data; they are sales brochures. Also, nake sure
of the conditions which apply to the data that is presented. An
exanple of this is often encountered in 'capacity ratings' for
shoring products. It may be necessary to search further to
ascertaln that such were established for the m ni num equi val ent
| ateral earth fluid pressure |loads permtted by the Safety Orders.
Request that the Contractor furnish additional engineering data
(from the manufacturer if possible).

The maxi mum al | owabl e safe working | oad as reconmended by the
manufacturer will be based on the use of new or undamaged used
material. If the product or its conponents are not 1n good
condition it nust be determned if the product can function as
intended, or if the safe working |oads should be reduced. It is
the responsibility of the Contractor to furnish proof of |oading
capacity.

In the case of manufactured products which cannot be found in any
catal og, and the nmanufacturer is unknown or unable to recomend a
safe working | oad, the Engineer should require a load test to
estgbllsh the safe |oad capacity of the product as it is to be
used.

A load test, if possible, should be conducted to failure or to near
failure to determne the maxi num capacity of the product. The safe
working | oad may then be assumed to be one-half of the ultimte
test loading. We accept a mninmum value of 2 for a safety factor
by rationalizing that there is greater quality control for a
manuf actured product relative to other shoring naterials (such as
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tinmber). Load tests witnessed by the Engineer should be docunented

in the project records and a copy submtted to Sacramento with the
approved shoring plans.

Materials nust be properly identified when calculations are to be nade.

made. This is very inportant when anal yzi ng al um num nmenbers as
there are nmany different alloys.

ALTERNATE DESI GN CONSI DERATI ONS

A mninum |live | oad surcharge of 72 pounds per square foot |ateral
pressure shall be included in all shoring dQS|dgns. Any addi tional
surcharge |oads such as from equi pment, buildings, etc., should
al so be included in the shoring desi ?n. Refer to allowable workin
stresses in Chapter 12. Alternate allowable stresses may be use
provided that is can be satisfactorily shown that these val ues
conform to acceptable engineering practice.

| NFORMATI ON ABOUT TEXT FORMATTING IN THE CONSTRUCTI ON SAFETY ORDERS

In the Construction Safety Orders all subtopics are usually
i ndented the same anmount only on the first line of type. The

subj ects and subheadi ngs format generally conforns to the follow ng
exanpl e:

Article No. Mjor Heading
Section Nunber. Headi ng.

1) Nunber used for subtopic to |ower case letter.

a) Lower case letter used for first subtopic.
A) Upper case letter used for subtopic to nunber.

1. Nunber used-for subtopic to uppercase letter.
Anot her Headi ng.

Most of the subjects and first subtopics of the Cal/COSHA
Construction Safety Orders related to trenching and shoring are
outlined on the follow ng pages for easy reference (Additional

informati on about the subject may be included in brackets]. A
conpl ete text of the same Construction Safety Oders is included in
Appendi x A of this nanual.
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Article 2. Definitions

1504. Definitions.

Conpet ent Person: One who is capable of identifying
exi sting and predictable hazards in the surroundi ngs or
wor ki ng condi tions which are unsanitary, hazardous, or
dangerous to enpl oyees, and who has authorization to
take pronpt corrective neasures to elimnate them

Excavati ons, Trenches, Earthwork.

A) Bank.
B) Exploration Shaft.
C) Ceotechnical Specialist (GIS), _
D) Hard Conpact (as it applies to Section 1542).
E) Lagging. | | |

Running Soil (as it applies to Section 1542).
G Shaft.

Article 6. Excavations

1539. Pernmits.

For regulations relating to Permts for excavations
and trenches refer to Article 2, Section 341.

1540. Excavati ons.

a) Scope and application. [Open excavations, trenches]
g g Definitions applicable to this article.

Accepted engli neering practices.

Al 'um num hydraul i c shori ng.

Bel | - bott om pi er hol e.

Benchi ng (Benching system

Cave-in.

Cr ossbr aces

Excavat 1 on.

Face or sides.

Failure.

Hazar dous at nosphere.

Ki ckout .

Protective system

Ranp.
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Regi st ered professional engineer.
Sheeting.

Shield (Shield system.
Shoring (Shoring-syste

Si des. _
Sloping (Sloping system.
Stabl e rock

Structural ranp.

sugport system

Tabul ated dat a. _
Trench (Trench excavation).

Trench box.
Trench shield.
Uprights
Wl es.
1541. CGeneral Requiremnents.

Surface encunmbrances. [To be renoved or supported]
Underground installations. [Notify Underground Alert]
Access and egress. [Ranps and | adders]

Exposure to vehicular traffic. [Reflectorized apparel]
Exposure to falling | oads. _

Warning system for-nobile equipnent. [For operators]
Hazar dous at nospher es.

Protection from water hazards.

Stability of adjacent structures.

Protection from | oose rock or soil

| nspections. [By a conpetent person] _

Fall protection. [Wal kways, bridges, barricades, covers]

_RrX—TSKQ ST OO T D

1541.1 Requirenments for Protective Systens.

a) Protection of enployees in excavations.
b) Design of sloping and benching systemns. _
c) Design of support, shield, and other protective systens.
d) Materials and egU|pnent. [Protection and approval of]
e) Installation and renoval of supports.
f) Sloping and benching systemns.
g) Shield systens.
Appendi x A to Section 1541.1 [ See Appendi x A

L _CLASS| FI CATI

a) Scope and application. _
b) Definitions.  [of soil properties]
[Soi|l classification systeni
[Soil types - A B, or ( _
c) Requirenents. [classifying the soil]
d) Visual and manual tests. [Acceptable methods]
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Appendi x B to Section 1541.1 [ See Appendix A].

SLOPI NG AND BENCHI NG:

a) Scope and application. [Specifications] _
bg Definitions. [Actual and allowable slopes - distress]

c) Requirements. [C assification,surcharges, configurations]
Table B-1 Allowable slopes _
Figure B-1 Slope configuration diagrans
Appendi x C to Section 1541.1 [ See Appendi x A

T1 MBER SHORI NG FOR TRENCHES:

Scope. [Timber can be used in lieu of other systens]
Soil Cassification. [Per Appendix A of Section 1541.11]
Presentation of Information. [Allows use of 2 Tabl es]
Basis and limtations of the data. _
[Restrictions for surcharges - slopes - bracing | oads]
Use of Tables: [Mninmumsizes - maxi num spaci ngs]
Exanples to Illustrate the use of Tables.

Tables C1.1 through CG1.3 are for rough |unber
Tables G 2.1 through C2.3 are for nomnal |unber

OO T QD

—~
— D
NP’

Appendi x D to Section 1541.1 [ See Appendi x A]

UM Y IC NG FO CHES:

(a) Scope. [Use this or manufacturers data]j

(b) Soil Qassification. [Per Appendix A of Section 1541.11

(c) Presentation of information. [Explanation of Tabl es]
Tables D-1.1 and D-1.2 are for Type A and B soils
Tables D-1.3 and D-1.4 are for Type B and C soils

d) Basis and limtations of the data.

f) Exanples to illustrate 'use of the Tables. _
Fi gures 1 - 4 illustrate typical installations
Tables D-1.1 through D-1.4

Appendi x E to Section 1541.1 [ See Appendix A

ALTERNATI VES TO TI MBER SHORI NG

Figure 1. Al um num I-k/draul i ¢ Shoring
Figure 2. Pneumatic/hydraulic Shoring
Figure 3. Trench Jacks (Screw jacks)
Figure 4. Trench Shields
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Appendi x F to Section 1541.1 [ See Appendi x A]

1542.

1543.

1544,

1545.

1546.

1547.

SELECTI ON OF PROTECTI VE SYSTEMS: [Flow Charts]

Fi gure 1. Prelimnary Decisions
Figure 2. Sloping Options _
Figure 3. Shoring and Shi el ding Options

Shafts.

Gener al

Smal | Shafts in Hard Compact soil.
Shafts in O her Than Hard Conpact Soi l
Bel | Excavati ons.

Expl oration Shafts.

DO OT D

Cof f er dans.

Overt oppi ng.

Varning signs.

Rapi d exit provisions. o
Protection from navigabl e shipping.

OO

Earthwork and Excavati ng.

Text del et ed.

Over bur den.
Text del et ed.

Face Inspection and Control.

Text del et ed.

Protection of Wrkers at the Face.

Text del et ed.
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